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INTRODUCTION
Rotator cuff muscles spasticity may result from stroke, brain trauma, or spinal cord injury (Maynard et al., 1990; Joynt, 1992; Simpson et al., 2009) . Individuals suffering from rotator cuff muscles spasticity usually present with shoulder pain (Van Ouwenaller et al., 1986; Yelnik et al., 2007) and limited shoulder joint movement affecting patient's daily life (Chae et al., 2007) . Currently, treatment methods of rotator cuff muscles spasticity include intra-articular injection of drugs, such as triamcinolone (Snels et al., 2000) , percutaneous electric stimulation therapy (Renzenbrink & Ijzerman, 2004) , suprascapular nerve block (Wassef, 1992; Shanahan et al., 2003; Picelli et al., 2017) , subscapular nerve block (Hecht, 1992) and intramuscular injection of botulinum toxin A (BTX-A ) (Pedreira et al., 2008) . BTX-A injection is becoming increasingly popular by blocking the release of acetylcholine from the presynaptic membrane at the motor endplate (Friedman et al., 2000; Kinnett, 2004; Park & Chung, 2018) . However, the visualization of the motor endplate was limited because it can only be stained on fresh specimens. As a result, the motor endplate band of many muscles, including rotator cuff muscles, have not been studied. Recent studies have shown that intramuscular nerve dense regions (INDR) are at the same location of the endplate bands (Amirali et al., 2007; Tang et al., 2018) , and INDR may serve as an alternative target for BTX-A blocking injections. Regarding the four rotator cuff muscles, the intramuscular nerve distribution of subscapularis were described by a researcher using microdissection and Sihler 's staining methods. This study has provided useful information for BTX-A injection (Warden et al., 2014; Cho et al., 2019) . But the two studies have yet to locate INDR and the center of intramuscular nerve dense regions (CINDR) . As for the other three rotator cuff muscles, no reports about their intramuscular nerve distributions have been seen.
Currently, targets of BTX-A blocking injection are located via clinical methods including hand palpation, electromyography, electrical stimulation, and ultrasonic (Childers et al., 1998; Yelnik et al., 2007; Unlu et al., 2008; Rha et al., 2012; Rasool et al., 2017) . But these methods are limited to a certain extent such as they still cannot accurately locate the target and avoid the pain caused by exploratory puncture and high-dose injection. Based on the Sihler's staining technique, which can clearly display the overall distribution pattern of intramuscular nerves within a muscle and reveal these fibers to naked eyes, this study intends to accurately localize the CINDRs of all rotator cuff muscles and refer the locations to body surface boney landmarks. We hope to provide accurate blocking targets for BTX-A injection to rotator cuff muscles undergoing spasticity and generating shoulder pain.
MATERIAL AND METHOD

Specimens and ethics:
This study was performed on 20 formalin-fixed adult cadavers (14 men, 6 women) age 30-75 at the time of death with no history of neuromuscular diseases and Shoulder-back deformity. The collection and use of specimens were approved by the ethics committee of our school.
Gross anatomy: Cadavers were placed in prone position. Two transverse skin incisions were made at the level of cervical spine 7 and thoracic spine 8, and a longitudinal skin incision was made between the two transvers incisions along the spinous processes. The skin flaps were turned laterally to the posterior margin of the sternocleidomastoid muscle at the superior end and to the anterior axillary line at the inferior end. Superficial fascia was removed. The deltoid muscle was detached from its proximal attachments and turned downward to expose the three posterior rotator cuff muscles. The subscapularis muscle was exposed with cadaver in supine position and the pectoralis major and pectoralis minor muscles were detached from thoracic wall and turned laterally or superiorly. Observations of muscle shape, nerve innervation and number of neuromuscular branches, and location of nerve entry points were observed on all four rotator cuff muscles (supraspinatus, infraspinatus, subscapularis and teres minor) before completely removing them at their bone attachment sites. The extra fascia on muscle surfaces were removed and the muscles were subjected to Sihler's intramuscular nerve staining.
Sihler's staining method showed intramuscular nerve dense regions: Rotator cuff muscles were removed from the left side of 10 cadaver and the right side of the other 10. Samples were carried through the Sihler's staining process we used before (Tang et al.) . The reagent concentration and processing time were adjusted as appropriate. Briefly, specimens were soaked in 3 % hydroxide and 0.2 % peroxide for 4-5 weeks; decalcified for 4 weeks in Sihler's I solution (1 portion glacial acetic acid, 2 portion of glycerin, and 12 portion 1 % chloral hydrate); stained in Sihler's II solution (1 Ehrilch dyeing liquid, 2 copies glycerin, and 12 copies of 1 % chloral hydrated) for 4 weeks; decolorized in Sihler's I solution for 2-10 hours; neutralized in 0.05 % lithium carbonate solution for 2 hours; and soaked in steps in gradient glycerine (40 %, 60 %, 80 %, 100 %) for 1 week to obtain transparency. On an X-ray reading box, the distribution of the intramuscular nerve branches were carefully observed. The percentage position of INDR and CINDR on the muscle length (from the origin to the insertion) and muscle width (from the upper edge to the lower edge) were measured using a Vernier caliper followed with photography and drawing. The drawn pattern of intramuscular nerve distribution was then placed back to the opposite side of the appropriate muscle of the same cadaver where the rotator cuff muscles were still intact. The drawing functioned to localize CINDRs of the muscle in reference to body surface landmarks (described below).
Reference line design:
In order to locate the positions of CINDRs on body surface, the connecting line between the superior angle of scapula (point a) and the inferior angle of scapula (point b) is defined as the longitudinal (L) reference line, and the connecting line between the superior angle of scapula and the acromion (point c) as the horizontal (H) reference line.
Localization of CINDR By Spiral computed tomography:
According to the results of Sihler's staining, the corresponding position of CINDR was found on the contralateral rotator cuff muscles, and then labeled with barium sulfate, The CINDR was localized according to the method of spiral computed tomography (Siemens, Germany) ( Fig. 1 ) which we used before to localize the nerve entry point (Yang et al., 2016; Chen et al., 2018) . For the supraspinatus, infraspinatus and teres minor muscles, the projection point of CINDR on body surface of back was named as point P, the intersection of the longitudinal line through point P and the line H and the horizontal line through point P and the line L were recorded as P H and P L , respectively. The projection of CINDR on anterior thoracic wall across the transverse plane was named point P'. Percentage positions of P H and P L on lines H and L and the depths of CINDR were determined under the Syngo system (Siemens, Germany). For the subscapular muscle, the intersection point of the horizontal line at CINDR level and the medial edge of the scapula on body surface of back is named point P, and the intersection point with the lateral edge of the scapula is named point P'. The percentile puncture depth was calculated as P-CINDR/P-P'.
After measurement and CINDR localization, these rotator cuff muscles were removed and subjected to Sihler's staining to verify whether intramuscular nerve distribution patterns and CINDR locations were consistent with those of the contralateral side muscles.
Statistical analysis. SPSS17.0 (SPSS Inc., Chicago, IL, USA) software was used for data analysis. The experimental data were expressed as percentage (n %) to eliminate the influence of individual differences. Paired t test was used to compare the data between the right and left muscles. The comparison between men and women was performed using a two-sample t-test, test level was a=0.05.
RESULTS
Sihler's staining revealed patterns of intramuscular nerve distribution Supraspinatus:
The nerve for supraspinatus muscle originates from the suprascapular nerve and enters the muscle from the central part of the muscle belly near the upper margin deep in the muscle. It passes down to the central part of the muscle and divides into two primary branches: the superior branch and the inferior branch. The superior branch is in horizontal position and travels to the inner side (the origin) sending out secondary, tertiary, and terminal branches to the upper and lower regions along the way, especially more arborized branches at the end, forming INDR 1a . The inferior branch runs inwards, and sends out arborized branches at its end forming INDR 1b below INDR 1a (Fig. 2) .
Infraspinatus:
After the suprascapular nerve travels through the spinoglenoid notch to the deep surface of the infraspinatus, it enters the muscle at the upper margin of middle to outer 1/3 of the muscle belly. Then, it divides into 3 primary branches going superior, medial, and inferior respectively. The superior branch is further divided into two secondary branches. One of the secondary branches sends out dense tree-like branches to the upper region, forming INDR 2a , while the other secondary branch also sends out dense tree-like branches to the upper and terminal regions, forming INDR 2b . These two INDRs are near the upper middle margin of the muscle. The medial branch moves towards the origin of the muscle and gives off a arborized branch forming INDR 2c in the medial 1/3 of the muscle. The inferior branch is parallel to the lower margin and runs obliquely inwards, with dense lower branches on the medial 1/3 of the muscle, forming INDR 2d . There's an overlap region between INDR 2c and INDR 2d (Fig. 3) . Localization of the centers of intramuscular nerve dense regions of the rotator cuff muscles: A guide for botulinum toxin a injection for spasticity accompanied by shoulder pain. Int. J. Morphol., 38(2):435-443, 2020. Teres minor: The nerve to teres minor muscle arise from the axillary nerve which exits the quadrangular space and then, enters the muscle from inferior at the medial and lateral 1/3 junction of the muscle. After entering the muscle, it is divided into 3-4 primary branches, which go to the terminal, upper margin and the origin of the muscle respectively and send branches gradually. In particular, the branches that go to the upper margin and the origin are larger and have more branches to form an intramuscular nerve dense region, namely INDR 3 , which is located in the medial 1/3 of the muscle belly, as shown in Figure 4 .
Subscapularis:
The subscapularis is a multipennate muscle (often 7 penniform compartments) which is innervated by the upper and lower branches of the subscapular nerve. The upper nerve branch is thick and large. After the upper branch enters the muscle, it is first divided into two major primary branches. The superior primary branch is fan-shaped traveling to the origin (medial side) of the muscle and divided into 4~5 secondary branches. The inferior primary branch slopes downward and inwards, with 2 to 3 secondary branches. These secondary branches give off arborized branches and innervat the medial to the central part of the lower 3 compartments of the pinnate muscle. The lower branch of the subscapular nerve is relatively small and enters from the middle part of the lower margin of the muscle. It is divided into two branches and runs towards the medial side of the muscle. In the middle of the 6 th and 7 th compartments of the penniform muscle, the branches are overlapped with the branches of the upper branch, innervating the two compartments of the penniform muscle. These nerve branches often form a longitudinal intramuscular nerve dense regions in the medial center of the muscle (Fig. 5) . Table II . For women, the CINDRs in the infraspinatus and teres minor project below the level of the second rib on the chest, and are affected by the al.). However, for BTX-A to achieve its maximum efficacy, the injection location should be as close as possible to its effector site, which is the motor endplate (Childers et al., 2004) . If the injection site of BTX-A deviates from the moving endplate by 5 mm, the effect will be reduced by 50 % (Parratte et al., 2002) . Therefore, the accurate localization of BTX-A blocking target is the key to obtain a curative effect. However, it is not realistic to localize the motor endplate through staining. Since the motor endplate position is consistent with INDR and the INDR of many muscles has been revealed (Yang et al.; Tang et al.) , it is possible to utilize INDR as the target for BTX-A injection. The microscopic study of rotator cuff muscles by Warden et al. showed that 78 % of the nerves innervating the subscapularis muscle were divided into three branches with two upper and one lower innervating the muscle belly of the upper, middle and lower parts of the muscle. Only 22 % of this nerves branches into two branches as superior and inferior branches of the Int. J. Morphol., 38(2):435-443, 2020. difference in breast size. So it is not appropriate to measure and calculate the percentage depth. Therefore, the absolute depth measured is (2.42±0.03) cm, (1.85±0.03) cm, (1.25±0.04) cm, (0.97±0.04) cm and (1.43±0.05) cm. There was no significant difference between left and right sides and between male and female, P>0.05.
DISCUSSION
The four rotator cuff muscles cover the upper, posterior and anterior of the glenohumeral joint respectively, and merge with the joint capsule to maintain joint stability in the state of motion or rest (Sgroi & Cilenti, 2018) . In some central nervous system diseases, when spasticity occur in the supraspinatus, infraspinatus and teres minor, the shoulder joints show continuous abduction and rotation. When subscapularis spasticity occurs, the shoulder joint presents continuous adduction, pronation and mild extension (Chironna et al., 1990; de Boer et al., 2008) . These continuous muscle spasms may lead to limited shoulder joint movement with shoulder pain, which seriously affect the daily life of patients. Therefore, to relieve the spasticity of these muscles and restore the affected limb's free movement is an important task in current rehabilitation medicine.
Currently, chemical nerve block by intramuscular injection of BTX-A is a commonly used therapeutic method to relieve muscle spasticity (Yelnik et al., 2003 ; Pedreira et subscapular nerve (Warden et al.) . Tae-hyeon Cho et al. used Sihler's staining technique to stain subscapularis, and found that 100 % of subscapularis had the upper branch of subscapular nerve, and only 80 % of subscapularis had the lower branch of the nerve. In this study, it was found that all muscle masses had lower branches of the subscapular nerve, possibly due to the number of specimens. However, both studies recommended BTX-A injections in the middle of the muscle. From the results of this study, it can be seen that the middle part of this muscle is not INDR, and the INDR is near the middle part of the medial muscle. Therefore, we recommend to inject BTX-A on back at 50.14 % on the line L and 22.88 % on line H at the inside of edge of the scapula.
In fact, the nerve block approach of rotator cuff spasticity with shoulder pain has been reported in the upper, lateral and medial scapula (Chironna et al.; Rha et al.) . In this study, the location of intramuscular nerve dense regions in the 4 rotator cuff muscles was comprehensively considered, and the connection line between the superior angle of scapula and the acromion was designed as a transverse reference line to describe the inside and outside relationship between CINDRs and bone markers. The superior angle of scapula and the inferior angle of scapula are the longitudinal reference lines, which are used to describe the upper and lower relationship between CINDRs and bone markers. This allows the insertion of all four muscles into the back. The data are expressed as percentages, which can exclude the influence of individual differences.
Increasing the dose of BTX-A within a certain range can improve the treatment effect, but long-term high-dose use may lead to partial muscle fibrosis and excessive muscle relaxation, resulting in poor long-term therapy result (Ghasemi et al., 2013) . Studies have shown, 1U BTX-A can infiltrate about 1.50-3.00 cm 2 , and 2.5-10U can infiltrate about 4.50 cm 2 (Borodic et al., 1994) . According to the results, there were two INDRs in the supraspinatus, of which the area of INDR 1a was 1.35 cm 2 , and 1U of BTX-A should be injected. The area of INDR 1b was 1.91 cm 2 , and only 1U was needed. There are 4 INDRs in the infraspinatus, and a total of 20 U is needed for the same calculation. However, Lim et al. reported that at least two sites should be injected into this muscle, and the injection dose at each point should not exceed 25 U, and the dose of the whole muscle should not exceed 50 U (Lim et al., 2008) . The dose of 20 U in this study is much smaller than the recommended above. According to the results of this study, it can be concluded that 4.5 U of BTX-A should be injected into the teres minor to obtain a better therapeutic effect.
For subscapularis, Unlu et al. injected BTX-A in the thickest part of subscapularis. In this study, it was found that the thickest part of the muscle was the outer and lower part of the muscle, and only the lower branches of the subscapular nerve were distributed in this part, which was not a densely nerve area. The INDR area of this muscle is 19.36 cm 2 . According to the above calculation principle, BTX-A required by this muscle is about 16 U.
Overall, this study, through improved Sihler's staining method, showed the INDR of rotator cuff muscles and used body surface boney landmarks as references to locate the CINDRs. CT scan was used to establish the geometric relationship between the body surface puncture location and puncture depth of the CINDRs. We also evaluated the required dose usage of BTX-A. These results may provide an accurate target for BTX-A injection in the treatment of rotator cuff muscles spasticity with shoulder pain, and may help to improve the efficiency and efficacy of targeted nerve blocks. However, its efficacy remains to be verified clinically.
CONCLUSIONS
The location of these CINDRs provides the optimal target location for the injection of botulinum toxin A in treatment of rotator cuff muscles spasticity with shoulder pain. This may provide help to improve the efficiency and efficacy of targeted nerve blocks.
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